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COMMUNICATIONS WITHIN A POLYMORPHIC INTELLECTRONIC SYSTEM 

George P . West, Ralph J. Koerne r 
In te l lec t ron ics L a b o r a t o r i e s , Ramo-Wooldr idge 

Canoga P a r k , California 

Summary 

A mul t ip l e -compute r sy s t em, employing s e v e r a l 
compu te r s of in t e rmed ia te capaci ty , provides 
many sy s t em advantages over conventional l a r g e -
sca le computing s y s t e m s . A mu l t i - compu te r s y s 
t e m r e q u i r e s effective communicat ion of data and 
cont ro l s ignals between modules of the s y s t e m . 
This paper briefly d e s c r i b e s the RW-400 Data 
P r o c e s s i n g Cent ra l , a new polymorphic data p r o c 
ess ing sys t em. The communicat ions p rob lems 
a s soc i a t ed with such a s y s t e m a r e d i scussed , and 
a h igh-speed e lec t ron ic switch employing mul t ip le -
a p e r t u r e magnet ic co re s to provide s y s t e m com
municat ion is desc r ibed . The ut i l izat ion of this 
h igh-speed switch in providing efficient data c o m 
municat ion, as well as effective cont ro l of the s y s 
t e m modules , is explained. 

With i nc r ea sed automation of l a r g e - s c a l e data 
p roces s ing appl ica t ions , the t r end has been to 
l a r g e r m e m o r i e s , h igher clock r a t e s , and i n c r e a s 
ingly complex a r i t hme t i c un i t s . This approach is 
not en t i re ly sa t i s fac tory , pa r t i cu l a r ly f rom cost 
and re l iab i l i ty s tandpoints . A mul t ip l e -compute r 
approach employing s e v e r a l compute r s of i n t e r 
med ia te capaci ty provides many s y s t e m advantages. 
A novel organizat ion of m o r e or l e s s conventional 
computat ional e l emen t s , communicat ing in a com
mon format by means of a h igh-speed e lec t ron ic 
switching network, provides a data p rocess ing 
s y s t e m which can a s s u m e many different f o r m s . 
Such a polymorphic sy s t em can be m o r e nea r ly 
t a i lo red to the r e q u i r e m e n t s of a p a r t i c u l a r app l i 
cat ion, s ince s to rage capaci ty and a r i t h m e t i c capa
bil i ty can be adjusted independently, in re la t ive ly 
s m a l l i nc remen t s to ma tch the r equ i r emen t s at 
hand. F u r t h e r m o r e , changing opera t ional r equ i re 
men t s can be matched by expanding the s y s t e m 
economical ly , without obsolescence of existing 
equipment or p r o g r a m s , m e r e l y by adding add i 
t ional compute r s or m e m o r y dev ices . F inal ly , 
the s y s t e m can be p r o g r a m m e d to adjust i ts own 
pe r fo rmance to mee t rapidly changing operat ional 
r e q u i r e m e n t s by shifting computat ional capaci ty 
f rom one a s s ignmen t to ano ther . 

The RW-400 s y s t e m is a mul t ip l e -compute r 
s y s t e m of this type, capable of s imul taneously 
p roces s ing mult iple t a sks with ex t r eme ly shor t 
t ime r equ i r emen t s for the complet ion of each task . 
The Computer Modules of the RW-400 s y s t e m e m 
ploy a powerful two-add re s s o rde r code providing 
th ree optional fo rms of each a r i t h m e t i c ins t ruc t ion . 
These options may be ut i l ized to specify the con
tents of the accumula to r as one of the operands , 
providing in effect a two-plus a d d r e s s s t r u c t u r e . 
A magnet ic core m e m o r y of 1024-word capacity, 
and 10-mic rosecond m e m o r y cycle , is provided 
with each Computer . Control and synchronizat ion 
of computat ions is exe rc i s ed by a genera l i zed p r o 

g r a m in te r rup t f ea tu re . Each Computer is capable 
of recognizing one or m o r e ex te rna l i n t e r r u p t con
ditions to force a b ranch in the computer p r o g r a m . 
Each Computer is provided with a masking r e g i s 
t e r which can be loaded by the computer p r o g r a m 
to specify which of the 13 poss ib le ex te rna l i n t e r 
rupt condit ions, as well as which of the in t e rna l 
in te r rup t condit ions, will be effective at any in
stant of t ime . 

The sy s t em employs novel magnet ic core 
buffer m e m o r i e s (Buffer Modules) to augment the 
m e m o r y provided with each Computer Module. 
The Buffer Modules make poss ib le rapid , effi
cient t r a n s f e r r a l of data and p r o g r a m s within the 
sy s t em. Each Buffer Module is capable of inde
pendently executing a s to red p r o g r a m which 
p e r m i t s it to ga ther data f rom magnet ic t apes , 
d r u m s , or the s y s t e m input-output buffers . S i m i 
l a r ly , the Buffer Module can d i s t r ibu te r e su l t s 
under the control of i ts own s to red p r o g r a m . The 
Buffer Module may a l so be used to augment the 
m e m o r y of any of the Computer Modules; in this 
mode, operands taken f rom the Buffer m e m o r y 
may be ut i l ized by the Computer Module a lmos t 
as rapidly as operands f rom the C o m p u t e r ' s in
t e rna l m e m o r y . 

The s y s t e m employs magnet ic t apes , m a g 
net ic d r u m s , p r i n t e r s , p lo t t e r s , and input-output 
buffers as independent modules . Al l of these 
modules communicate with one another by means 
of a h igh-speed e lec t ron ic switch, s i m i l a r in 
many r e spec t s to a telephone exchange. F i g u r e 1 
i l l u s t r a t e s a typical s y s t e m configuration. The 
Cen t ra l Switching Exchange can be t a i lo red to 
the needs of the sy s t em, and may eas i ly be ex
panded to accommodate s y s t e m growth. The 
r e m a i n d e r of the pape r d i s c u s s e s the design ob
jec t ives for an adequate cen t ra l switch, and de -
velopes a switch design which fulfills these design 
object ives . 

The data switch mus t provide mult iple paths 
so that each Compute r can communica te without 
delay or i n t e r f e rence . Control of the switch points 
mus t be rapid ( less than 100 mic roseconds ) and 
convenient so that Computer t ime is not wasted in 
manipulat ing the switch. The switch mus t t es t for 
a busy condition before making the connection, to 
prevent in te r fe rence with communicat ions in p r o g 
r e s s . The switch should be r e l i ab le , providing 
a l t e rna te paths for communicat ion so that fa i lure 
of a c ro s s -po in t does not disable the s y s t e m . The 
switch should be modular to provide for s y s t e m 
growth. Since new p rob lems mus t be checked out 
while the s y s t e m is in n o r m a l operat ion, a means 
of r e s t r i c t i ng the access ib i l i t y of modules m u s t be 
incorpora ted in the design. F o r example , in check
ing out a p r o g r a m that involves a Compute r , a 
Buffer and two Tape Modules, it is n e c e s s a r y to 
r e s t r i c t the switching capabil i ty so that the Com
puter and Buffer can control connections only b e 
tween the modules being code-checked. This fea ture 
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preven ts the new p r o g r a m from inter fer ing with 
n o r m a l s y s t e m opera t ion. 

The RW-400 data switch employs t ransf luxors 
(double -aper tu re cores ) as the switching e lement . 
The pr incip le of operat ion is analogous to that of 
a t r a n s f o r m e r connection which can be disabled by 
sa tura t ing the i ron to prevent the flux linkage of 
n o r m a l t r a n s f o r m e r act ion. Some of the des i r ab le 
p r o p e r t i e s of the t ransf luxor switching e lement 
a r e ex t r eme re l iab i l i ty , smal l s i ze , low cost, low 
power consumption, connection m e m o r y , ease of 
control , and b i l a t e r a l s ignal flow c h a r a c t e r i s t i c s . 
F i g u r e 2 is a d i a g r a m of a t ransf luxor c r o s s b a r 
switch.! In this a r r a y , the t ransf luxors a r e s e 
lec ted by coincident c u r r e n t s . 

A s s u m e a "connect ion" to be made and s ignal 
flow to be taking place between Signal Input 2 (S2) 
and Signal Output 3 (O3) through core 10. Signal 
flow cons is t s of a t r a in of a l t e rna te ly posit ive and 
negat ive pulses of c u r r e n t along S? which a r e in
ductively coupled by core 10 to O, ; On in turn is 
a t tached to the load. 

To "d isconnect" or open the path between S^ 
and O3, a blocking pulse of c u r r e n t is introduced 
along blocking line B 3 . This blocking pulse blocks 
a l l p o s s i b l e s ignal paths for O3, specif ical ly co res 
9, 10, 11, and 12. 

To es tab l i sh a new connection, between S3 and 
O3 for example , core 11 mus t be unblocked. This 
unblocking is accompl i shedby pass ing coincident 
unblock c u r r e n t s through l ines UB3 and B 3 . 

A t ransf luxor plane is provided for each s ignal 
line r equ i red between the computation modules . 
The RW-400 switch provides s epa ra t e line groups 
employing 18 l ines for communicat ion in each d i 
rec t ion . Consequently, the RW-400 switch employs 
36 t ransf luxor p lanes . Control of the switch is 
obtained by providing an input commuta to r which 
samples each of the act ive input l ines in tu rn . The 
commuta tor posi t ion controls one axis of the coin
c iden t - cu r r en t se lec t ion , while the other axis is 
specified by a Command Output ins t ruc t ion f rom 
the Computer or Buffer being sampled by the com
muta to r . An addit ional t ransf luxor plane is p r o 
vided to r e c o r d the s ta tus of each c ros s -po in t . In 
this way, it is poss ib le to t es t the addit ional plane 
to de te rmine whether the connection reques ted is 
avai lable or busy. If the device reques ted is busy, 
the connection r eques t is re jec ted without i n t e r 
fer ing with the communicat ion a l r eady in p r o g r e s s . 
This bas i c switch configuration mee t s a l l of the 
design objectives except two, which a r e d i scussed 
below. 

Control of the switch is rapid . Since the com
muta to r speed depends upon the number of connec
tion r eques t s which mus t be se rv iced , the s e r v i c e 
t ime for a switch ins t ruc t ion will va ry . Average 
s e r v i c e t ime is e s t ima ted to be about 50 m i c r o 
seconds . The switch tes t s for a busy condition 
before making a connection. Magnetic switching 
e lements p r o m i s e high re l iabi l i ty . Al te rna te paths 
a r e avai lable by employing Buffer Modules in the 
t r a n s f e r . The switch is modular in the sense that 
a l l c i rcu i t s for a given set of input or output l ines 
a r e packaged on a single 19-inch in se r t ca rd . A 
cabinet with power supplies and al l the t ransf luxor 
planes fo rms the bas ic switch. As addit ional mod

ules a r e r equ i red in the sy s t em, line c i r cu i t s a r e 
added as r equ i red . Line c i rcu i t s const i tute about 
one-half of the cost of the switch. 

One of the design r e q u i r e m e n t s which is not 
met by this s imple design is the abi l i ty to r e s t r i c t 
the set t ing of some of the c r o s s - p o i n t s . This design 
r e q u i r e m e n t to inhibit c e r t a in connections could 
be met by adding another t ransf luxor plane in which 
al lowed c r o s s - p o i n t s would be r e c o r d e d by block
ing or unblocking the t ransf luxor cor responding to 
the c r o s s - p o i n t . The m e m o r y plane would then be 
tes ted to see if the connection is al lowed, in the 
s ame way that a t es t for a busy c i r cu i t is m a d e . 

The other design r equ i r emen t which is not met 
is h a r d e r to rectify with this s imple des ign. Con
t ro l of the c r o s s - p o i n t s of the switch in this design 
is not pa r t i cu l a r ly convenient, s ince the a d d r e s s e s 
used in the switching commands m u s t co r r e spond 
to the physica l location on the switch m a t r i x of the 
module se lec ted . A design which would pe rmi t the 
p r o g r a m m e r the use of a r b i t r a r y tags in his p r o 
g r a m , for the modules he intends to u s e , would be 
much m o r e useful. When the p r o g r a m is comple te , 
the tags used by the p r o g r a m m e r could be en te red 
in a m e m o r y in the switch before the p r o g r a m is 
executed. In this way, the switch could p rope r ly 
i n t e r p r e t the tags and se lec t the d e s i r e d module . 
In other words , a s y s t e m of symbol ic addres s ing 
for the switch would be much m o r e convenient than 
an absolute address ing s c h e m e . A v e r y rapid table 
look-up operat ion is n e c e s s a r y to i n t e rp r e t the 
symbol ic a d d r e s s e s within the switch. 

A t ransf luxor m e m o r y device , cal led an I n t e r 
rogat ion Module, which pe r fo rms this table look-up 
v e r y rapidly, has been developed by Ralph Koe rne r 
of Ramo-Wooldr idge. The t ransf luxor m e m o r y e m 
ploys two co res to s t o r e each bit posi t ion, one for 
each of the two poss ib le s t a tes of the bi t . The bits 
of the words which const i tute the table a r e en te red 
in p a r a l l e l along one axis of the m e m o r y plane, 
while word posi t ions along the other axis of the 
plane a r e designated by a r e a d - i n s igna l . F i g u r e 3 
i l l u s t r a t e s the pr inc ip le of opera t ion of a t h r e e - b i t 
In te r roga t ion Module. The n o r m a l or c l ea r pos i 
tion would have a l l co re s unblocked. Words a r e 
en te red into the m e m o r y in such a way that a logical 
"one" unblocks the "one" co re andb locks the " z e r o " 
co re of the pa i r of co re s a s s o c i a t e d with the bit 
posi t ion, while a logical " z e r o " blocks the "one" 
co re and unblocks the " z e r o " c o r e . If, now, the 
complement of a number is used to i n t e r roga t e the 
m e m o r y along the v e r t i c a l l ines threading a l l word 
pos i t ions , a l l of the output l ines will have s ignals 
coupled to them by the t rans f luxors except that line 
cor responding to the m e m o r y posi t ion which s to r e s 
the word exactly matching the word at the input 
of the in te r roga t ion unit . F o r that word only, the 
input s ignals will a l l t r a v e r s e blocked c o r e s , s ince 
the s to red word and the in te r roga t ing word a r e 
complemen t s . This In te r roga t ion Module can be 
incorpora ted in the design of the switch to provide 
symbol ic address ing ; but even m o r e impor tan t , it 
g rea t ly s implif ies the p rob l em of i n t e r rup t com
municat ion within the sy s t em. 

In te r rup t communicat ion is n e c e s s a r y to co
ord ina te , synchronize , and control the operat ions 
of the individual Compute r s to provide the bes t 
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overa l l p e r f o r m a n c e . The in t e r rup t fea ture is a 
m e a n s of forcing a b ranch in the computer p r o g r a m 
by the use of an ex te rna l e l ec t r i c s ignal such as 
is gene ra t ed by depress ing a push-but ton. In the 
RW-400 s y s t e m , mos t i n t e r rup t s ignals or iginate 
f rom Computer or Buffer Modules; however , other 
devices such as the input-output buffers , provide 
s ignals which can be u t i l i zed ' as i n t e r r u p t s igna l s . 
When in te r rup ted , a Computer mus t de t e rmine the 
meaning of the in t e r rup t s ignal and i t s s o u r c e . Some 
informat ion as to intent or sou rce of the in t e r rup t 
can be conveyed by the bi t posi t ion in which the 
Compute r r ece ives the in t e r rup t . Unless a d i rec ted 
s y s t e m of i n t e r rup t s is employed, the bit a s s i g n 
m e n t s a r e rapidly used up specifying which C o m 
pu te r or Buffer should respond to the s ignal . 

As an addit ional means of coordinat ing s y s t e m 
ac t ions , a digi tal clock is provided which can be 
r e a d by any Computer or Buffer. The c l o c k i s m o r e 
useful when it gene ra t e s an i n t e r r u p t s ignal a t the 
end of a p r e s c r i b e d in te rva l of t i m e , d i rec t ing it to 
the app ropr i a t e Computer or Buffer. The d i rec ted 
i n t e r r u p t is an impor tan t s y s t e m r e q u i r e m e n t . 

F i g u r e 4 i l l u s t r a t e s a switch des ign which e m 
ploys an In te r roga t ion Module to cont ro l the s imple 
data switch desc r ibed e a r l i e r . The commuta to r 
s a m p l e s the input l ines in tu rn , routing the a d d r e s s 
tag specif ied by the Command Output ins t ruc t ions 
to the In te r roga t ion Module. In gene ra l , the c o m 
muta to r posi t ion de t e rmines the se lect ion along one 
a x i s , while the output of the In te r roga t ion Module 
d e t e r m i n e s the se lec t ion along the o ther a x i s . The 
In te r roga t ion Module is provided with addi t ional 
word posi t ions which a r e used to route in te r rup t 
s ignals to specified C o m p u t e r s . Note that the digital 
c l o c k i s sampled along with the Compute r s and Buf
f e r s a t the input to the switch. By placing a t ime 
value in one of the in t e r rup t words of the I n t e r r o 
gation Module, an in t e r rup t i s gene ra t ed when the 
digi tal clock value equals the p r e - s t o r e d t ime . In 
this way, Compute r i n t e r r u p t s can be genera ted a t 
specif ic t ime i n t e r v a l s . In n o r m a l s y s t e m ope ra 
tion, Buffer Modules r ead or wr i t e the tape or d r u m 
r e c o r d s so that Compute r s usual ly accep t data f rom 
Buffer Modules or de l ive r data to Buffers . F o r 
this r ea son , it is convenient to p e r m i t a Buffer to 
connect i tself to a Computer if the Computer con
nect ion is not busy. When the Buffer s tops i ts self-
ins t ruc t ion p r o g r a m , in te r rup t ing the Computer , 
the Computer can use the r e s u l t s immedia te ly with
out loss of t ime manipulat ing the switch. This type 
of connection is obtained by ass igning e i the r C o m 

p u t e r s or Buffers en t ry to both the x - and y -ax i s 
of the switch. The f igure shows Buffers on both 
axes of the switch. If the re a r e fewer Compute r s 
than Buffers in the s y s t e m , the Compute r s would 
r ece ive this double a s s ignmen t s o a s to conse rve the 
number of y-connect ions avai lable to the s y s t e m . 

The In te r roga t ion Module provides a r eady 
means of r e s t r i c t i ng access ib i l i t y of ce r t a in c r o s s -
points of the switch. The word length is i n c r e a s e d 
beyond that r e q u i r e d f o r the se lec t ion a d d r e s s , and 
the ex t ra bits a r e in t e r roga ted by the commuta to r 
posi t ion, while the se lec t ion a d d r e s s i n t e r r o g a t e s 
the r e s t of the word . Select ion is inhibited un less 
the c o r r e c t commuta to r code is s t o r ed in the m e m 
ory of the In te r roga t ion Module. Note that , by 
in te r roga t ion with " z e r o ' s " on both w i r e s of a bi t 
posi t ion, no s ignal is genera ted a t the output, r e - ' 
g a r d l e s s of how the co re s a r e se t . In this way, it 
is poss ib le to ignore ce r t a in fields of the i n t e r r o 
gation word . If the commuta to r posi t ion i n t e r r o 
gation occurs using an ass igned bit for each c o m 
muta to r posit ion, m o r e than one device can be p e r 
mi t ted to cont ro l a given switch se lec t ion . This is 
accompl i shed by set t ing into the commuta to r field 
of the In te r roga t ion Module the p r o p e r bi ts for that 
se lec t ion word. In this way, ident ica l switch a d 
d r e s s tags m a y b e used concur ren t ly in two differ
ent computer p r o g r a m s without confusion, s ince 
each will be a s s igned a different commuta to r bit 
by the Mas t e r Computer in set t ing up the a s s i g n 
ment t ab le . The bit will differentiate between the 
two Compute r s which a r e in s imul taneous o p e r a 
tion; thus , the switch can dis t inguish between the 
two identical a d d r e s s tags by de te rmin ing which 
Computer is using the tag . 

The use of the In te r roga t ion Module in conjunc
tion with the t rans f luxor switch provides a v e r y 
convenient means of solving the difficult c o m m u n i 
cation p rob lem a s soc i a t ed with data switching and 
in t e r rup t cont ro l within a polymorphic compute r 
s y s t e m . 
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